Approximately 25 to 40% of the DM in premium dog diets is animal by-product. However, limited information is available regarding the composition and digestibility of these by-products, especially small intestinal digestibility. The effects of raw and rendered animal by-products incorporated into dog diets on nutrient digestion at the ileum and in the total tract were studied in this experiment. Diets fed contained various animal by-products including a rendered beef meat and bone meal (RMBM); fresh beef (FB); poultry by-product meal (PBPM); fresh poultry (FP); a plant-based control protein source, defatted soy flour (DS); and an animal-based control protein source, dehydrated whole egg (WE). The diets were extruded and kibbled. By-products varied widely in concentrations of OM, CP, amino acids, and fat. Nutrient intakes were numerically higher for FB than for all other treatments. All nutrient intakes were higher ( P < .03) for the FB treatment than for the RMBM treatment. Digestibilities of DM, OM, CP, fat, and GE at the ileum were higher ( P < .06) when dogs were fed diets containing FP than when fed diets containing PBPM. Amino acids were highly digestible at the ileum; however, digestibilities of all amino acids except cystine were higher ( P < .04) for the diets incorporating FP vs PBPM. Total tract digestion was different among treatments for DM ( P < .02), OM ( P < .01), and GE ( P < .02), and diets containing animal by-products were similar in total tract digestibility, greater than the DS control, and lower than the WE control. Rendering of poultry, but not beef, seemed to have a slight negative influence on small intestinal, but not total tract, digestibility by dogs.
Introduction
Nutritionally complete diets require highly digestible ingredients that provide adequate nutrients to ensure the health and well-being of the companion animal. Animal by-products have been a major contributor to the growth and expansion of the world's pet food industry and have supplied the majority of the proteins, fats, and minerals, and significant quantities of vitamins, for pets through the years (Corbin, 1992) . However, the nutritional quality of these animal by-products is constantly changing. Renderers that provide animal by-products have different methods of determining those materials meant for retail sale and those meant for by-products. The American Association of Feed Control Officials (AAFCO, 1996) states that only those amounts of hair, feathers, hooves, horn, and so on, that are naturally occurring in raw animal materials may be present in processed animal by-products. Because many sorting methods exist, varying levels of these by-products have the possibility of being added to the overall mixture. As a result, these animal by-products are variable in nutritive value. By creating an accurate database on the nutritional quality of the various animal by-products available for use in companion animal diets, nutritionists should have the precise information necessary to formulate diets to meet the nutritional requirements of the animal. The objective of this experiment was to use ileally cannulated dogs to quantify the effects of selected animal byproducts, both raw and rendered, on nutrient intake, digestion before the terminal ileum, and total tract digestion.
Experimental Procedures
Animals and Diets. Six purpose-bred mature female dogs, with hound bloodlines and an average weight of 25 ± 5 kg, were surgically prepared with an ileal cannula and used in a 6 × 6 Latin square design. Ileal Table 1 . Ingredient composition of experimental diets a RMBM = rendered beef meat and bone meal; FB = fresh beef; PBPM = poultry by-product meal; FP = fresh poultry; DS = defatted soy flour; WE = whole egg. cannulation was conducted according to the method of Walker et al. (1994) . Surgical and animal care procedures for the experiment were conducted under a research protocol approved by the Campus Animal Care Advisory Committee, University of Illinois, Urbana-Champaign. Dogs were allowed a minimum of 2 wk of recovery before the experiment began. The dogs were housed in 1.2-× 3.1-m clean floor pens in a temperature-controlled room. A 12-h dark: 12-h light cycle was used. During the first period of the experiment, one animal developed abscesses around her cannula site. Despite an aggressive treatment with oral antibiotics (Baytril, Bayer Corp., Shawnee Mission, KS), daily washes with a warm Betadine solution (Becton Dickinson Acute-Care Division, Franklin Lakes, NJ), and a topical treatment using Panalog cream (Solvay Animal Health, Mendota Heights, MN), the dog did not recover and was euthanatized. Therefore, the study was conducted as a 5 × 6 Youden square in which a total of six treatments were tested on five dogs. The ingredient composition of the six diets is reported in Table 1 . Values are presented on a dry matter basis. Analyses of all ingredients were used to formulate diets that contained similar percentages (DM basis) of CP, fat, total dietary fiber ( TDF) , starch, ash, calcium, and phosphorus. Dried whole egg provided approximately 50% of the protein in all diets except the animal protein-based control (whole egg, WE) , in which all supplemental protein came from WE. Enzyme active, defatted soy flour ( DS) provided all of the supplemental protein in addition to WE in the plant protein-based control, and the supplemental protein in the remaining four diets came from animal protein by-products. Brewers rice was a major constituent of the basal diet. Five percent beet pulp (90% DM) was added to all diets as the source of dietary fiber. Also, on a DM basis, all diets contained the same amounts of added salt, vitamins, trace minerals, and stabilizers. The diets were extruded through a Wenger X-25 extruder (Wenger Manufacturing, Sabetha, KS) and dried to a target of 9 to 11% moisture and then kibbled. The diets were made and supplied by Farmland Industries Inc. (Kansas City, MO).
Testing Procedures. A 6-d test diet adaptation phase preceded a 4-d collection of feces and ileal effluent. All dogs received 250 g (as-fed basis) of their respective diet each day at 0800 and 2000, for a total of 500 g/d. Water was available for ad libitum consumption. All orts from the previous meal were collected immediately before the next feeding. Beginning on d 3 of each period, the dogs were dosed orally twice daily, before each feeding, with a gelatin capsule containing 500 mg of chromic oxide, to be used as a digestion marker. Ileal effluent was collected three times per day, with an interval of 4 h between collections. Sample collections were 1 h in duration. Sampling times on the remaining 3 d were rotated 1 h later from the previous day's collection time. For example, on d 1, sampling took place at 0800, 1200, and 1600; on d 2, samples were collected at 0900, 1300, and 1700. Ileal samples were collected by attaching a Whirlpak bag (Pioneer Container Corp., Cedarburg, WI) to the cannula barrel and around the cannula hose clamp with a rubber band. Before attachment of the bag, cannulas were scraped clean with a spatula and any digesta were discarded. During collection of ileal effluent, dogs were encouraged to move around freely. The use of Elizabethan collars was necessary for some dogs to deter them from pulling the collection bag from their cannula. Total feces excreted during each 24-h period were collected from the floor of the pen, weighed, composited, and frozen at −4°C.
Sample Handling. Samples were frozen at −4°C in their individual bags. At the end of the experiment, all ileal effluent samples were composited for each dog for each period and then refrozen at −4°C.
Before analyses, ileal effluent was freeze-dried in a Tri-Philizer™ MP microprocessor-controlled lyophilizer (FTS Systems, Stone Ridge, NY). Feces, feeds, and orts were oven-dried at 55°C. All samples then were ground through a 2-mm screen in a Wiley mill.
Chemical Analyses. Foods, orts, feces, and ileal effluent were analyzed for DM, OM, and ash using AOAC (1984) methods. Crude protein was calculated from Kjeldahl N values (AOAC, 1984) . Total lipid content was determined by acid hydrolysis followed by ether extraction according to AACC (1983) and Budde (1952) . Gross energy content was determined by bomb calorimetry (Model 1261, Parr Instrument Company, Moline, IL). Diets were analyzed for TDF using the method of Prosky et al. (1984) . Diets also were analyzed for total starch content using the method of Thivend et al. (1972) . Chromium in ileal effluent and feces was analyzed according to Williams et al. (1962) . Concentrations of chromium were measured using an atomic absorption spectrophotometer (Model 2380, Perkin-Elmer Corp., Norwalk, CT). Amino acid analysis was conducted by hydrolyzing approximately 150 mg of food and ileal contents in 15 mL of 6 N HCl for 22 h at 105°C according to Spitz (1973) . The resulting hydrolysate was analyzed for amino acid content on a Beckman Model 126 amino acid analyzer (Beckman Instruments, Palo Alto, CA) using sodium citrate buffers and a ninhydrin detector. Performic acid oxidation according to Moore (1963) also was conducted to determine methionine and cystine concentrations. Dry matter, OM, ash, CP, lipid, and GE analyses were performed on the five original animal by-products (rendered beef meat and bone meal, fresh beef, poultry by-product meal, poultry backs and necks, and poultry viscera) incorporated into the extruded and kibbled diets. For all laboratory analyses, samples were analyzed in duplicate and analyses were repeated if a deviation greater than 5% between duplicates occurred.
Calculations. Dry matter (grams per day) recovered
as ileal effluent or excreted as feces was calculated by dividing the Cr intake (mg/d) by ileal or fecal Cr concentrations (mg Cr/g ileal effluent or feces), respectively. Ileal and fecal nutrient flows were calculated by multiplying the DM flow by the concentration of the nutrient in the ileal or fecal DM. Ileal and total tract nutrient digestibilities were calculated as nutrient intake (g/d) minus the ileal or fecal nutrient flow (output, g/d), divided by nutrient intake (g/d).
Fecal Scoring. Fecal samples were scored for each dog during each period, according to the following system: 1 = hard, dry pellets: small, hard mass; 2 = hard, formed, dry stool: remains firm and soft; 3 = soft, formed, moist: softer stool that retains shape; 4 = soft, unformed: stool assumes shape of container, puddinglike; 5 = watery: liquid that can be poured.
Statistical Analyses. Data were analyzed as a 5 × 6
Youden square (incomplete Latin square) design (Cochran and Cox, 1957) with the GLM procedure of SAS (1989) . Model sums of squares were separated into treatment, period, and animal effects. Treatment comparisons were made (Table 4 ) using the following contrasts: 1 ) animal by-product diets (A,B,C,D) vs defatted soy control ( E ) ; 2 ) animal by-product diets (A,B,C,D) vs whole egg control ( F ) ; 3 ) rendered byproduct diets (A+C) vs raw by-product diets (B+D); 4 ) rendered beef meat and bone meal diet ( A ) vs fresh beef diet ( B ) ; 5 ) rendered poultry by-product meal diet ( C ) vs fresh poultry diet ( D ) . Level of probability for statistical significance was defined as P < .10 unless otherwise stated in the text or tables.
Results and Discussion
Chemical Composition. Chemical composition of the animal by-products incorporated into the experimental diets is reported in Table 2 . The rendered beef meat and bone meal ( RMBM) and poultry by-product meal ( PBPM) were processed using continuous dry rendering techniques. Dry matter concentrations were highest for RMBM and PBPM. Raw animal byproducts, fresh beef ( FB) , fresh poultry necks and backs ( FPNB) , and fresh poultry viscera ( FPV) , were markedly lower in DM. Amount of by-products used in the experimental diets is variable (Table 1) , reflecting the large difference in moisture content among ingredients. Animal by-products were added at levels that allowed the diets to be extruded easily. Higher levels could present difficulties in the extrusion process. Organic matters were highest for FPV, FPNB, and FB; PBPM was intermediate, and RMBM had the lowest OM. Crude protein was highest for PBPM and RMBM, FPV and FB were intermediate, and FPNB had the lowest CP content. This is consistent with other data on rendered animal byproducts (Grummer, 1992) . Fat levels were inversely proportional to CP concentrations. Calcium level was approximately 42% higher for RMBM than for FB and PBPM and approximately 58% higher than for FPNB and FPV. Phosphorus level was approximately 57% Table 2 . Chemical composition of by-products incorporated into experimental diets a RMBM = rendered beef meat and bone meal; FB = fresh beef; PBPM = poultry by-product meal; FPNB = fresh poultry necks and backs; FPV = fresh poultry viscera.
b By-products were blended 60:40 (FPV:FPNB) to prepare the fresh poultry (FP) diet. , and the FB diet contained approximately two percentage units less CP. Fat concentrations were similar among treatments with the exception of the FP diet, which had approximately two percentage units more fat than the other diets. Calcium, phosphorus, and ash levels were similar across treatments. The calcium to phosphorus ratios were approximately four to one. This ratio is higher than the suggested maximum of 2.5:1 by AAFCO (1996) and NRC (1974) for dogs. However, this guideline was established using cornsoy-based diets and data suggest (Hedhammer et al., 1974 ) that ratios as high as 5:1 are not detrimental to dogs.
Nutrient Intakes. Nutrient intake and digestibility data are reported in Table 4 . Nutrient intakes were higher for all nutrients when dogs were fed diets containing raw by-products compared to diets containing rendered products. Nutrient intakes were significantly higher for the FB treatment than for the RMBM treatment and reflect the differences in intakes previously mentioned. Fat intake was approximately 18% higher for dogs consuming diets containing animal by-products than for those consuming the WE diet.
Ileal Digestibilities. Comparisons of RMBM and FB indicate similar nutrient digestibilities despite higher nutrient and energy intakes for FB. Similarities in digestion also existed despite differences in the byproducts used in the RMBM and FB diets. The FB was 80% lean, raw beef containing little, if any, bone. The RMBM was produced according to AAFCO guidelines. However, the nutritive value of RMBM may fluctuate due to varying levels of raw materials added. The RMBM by-product proved to be of high nutritive value, because ileal digestibilities were similar for the RMBM and FB treatments. In this study, rendering did not affect ileal digestibility of diets containing beef by-products, because RMBM was rendered and extruded whereas FB was extruded only. A comparison of PBPM and FP illustrates differences in digestibilities of all nutrients at the ileum. Nutrient intakes were similar between treatments, yet nutrient digestibilities are 5 to 10 percentage units lower for PBPM diets than for FP diets. Poultry byproduct meal normally contains only dry rendered parts such as heads, feet, undeveloped eggs, gizzards, and intestines, but not feathers, except for the few that may have been included in the normal processing and collection process (El Boushy, 1994) . However, mixed poultry by-product meals are produced that contain varying levels of blood, offal, and feathers. The result is a mixed poultry by-product that takes longer to process due to the difficulty in decomposing and hydrolyzing the feathers. Several investigators (Morris and Balloun, 1973; Latshaw, 1990 ) have reported negative effects on digestibility from under-processing of feathers. Although the FPV and FPNB contained no extra feathers, poultry viscera includes chicken parts that may contain feathers. Therefore, a batch of rendered PBPM containing some under-processed feathers could cause a decrease in digestibility of a diet containing this ingredient.
The raw poultry by-products, FPNB and FPV, were used in the preparation of the PBPM and FP. However, their concentrations in the diets were different. For example, the 6.3% PBPM that was incorporated into the PBPM diet was manufactured by blending a 50:50 mixture of FPNB and FPV, rendering, and then adding to the complete diet. The FP diet incorporated the same by-products, but at a 40:60 ratio, as unrendered, raw materials. Both diets then were extruded and kibbled. Compositional analyses listed in Table 2 show that FPV was 15 percentage units higher in CP content than FPNB. Differences in ileal digestibilities between the PBPM and FP treatments could be attributed to a dilution of the nutritive value of PBPM due to higher FPNB.
Other studies suggest that differences in composition of PBPM can affect ileal digestibility values. Muir et al. (1996) fed ileally cannulated dogs an extruded and kibbled diet consisting of approximately 40% chicken and chicken by-product meal. Digestibilities at the ileum (DM, 76.6%; OM, 83.6%; fat, 95.0%; GE, 85.6%) were higher for their diet than for our PBPM treatment. However, similarities in CP digestion (73.4%) were observed, despite CP intakes being approximately 25% higher in their study than in the current study. The higher digestibilities may have been due to the high-quality chicken meat that was a major component of the by-product used in their diets. In another study, Zuo et al. (1996) fed an extruded and kibbled diet containing 32% PBPM (as-is basis) to ileally cannulated dogs. Ileal digestibilities in that study were similar to those in the current study, except for digestibility of CP, which was approximately nine percentage units lower in the study of Zuo et al. (1996) . This lower CP digestibility suggests that the PBPM used was of lower quality and contained higher levels of less nutritive raw materials. The lower digestibility values for PBPM are reiterated by the lower CP and fat digestibility values reported for dogs consuming diets containing rendered by-products vs dogs consuming diets containing raw by-products.
Total Tract Digestibilities. Dry matter digestibility
was approximately two percentage units higher ( P = .02) for dogs fed the WE control than for dogs fed diets containing animal by-products. Total tract OM digestion followed a similar trend ( P = .01). A comparison of animal by-product diets with the DS control revealed an approximate two percentage unit decrease ( P < .01) in total tract OM digestion for dogs consuming the DS diet. Crude protein digestibility was two percentage units higher ( P < .10) for the WE diet than for animal by-product-based diets. The RMBM may have contributed to this overall effect. The RMBM incorporated into our diets may have contained enough collagen to lower the digestibility of CP in the final diet as suggested by Eastoe and Long (1960) . Gross energy digestibility followed trends similar to those for OM. Total tract digestibility values for the DS diet were similar to those of Zuo et al. (1996) and support the premise that diets containing animal-based by-products are generally more digestible than diets containing protein sources of plant origin. Fat digestibility was similar among treatments and values agree with those reported by Kendall et al. (1982) .
Diets containing animal by-products and DS were highly digestible by dogs. The differences in digestibilities of PBPM-vs FP-containing diets noted at the ileum were not evident when total tract nutrient digestibility was the criterion of interest, emphasizing that total tract digestibility values may not reveal differences in pre-cecal digestibility by dogs.
Fecal Volumes and Scores. Fecal volumes produced
by dogs fed RMBM, FB, PBPM, FP, DS, and WE were 124, 146, 115, 118, 143, and 106 g wet feces/d, respectively (data not shown). Fecal volumes after drying at 55°C were 45, 53, 44, 42, 47 , and 41 g/d, respectively. Fecal scores averaged 2 among treatments, indicating no problem with fecal consistency.
Amino Acid Intakes and Digestibilities. Amino acid intakes were similar among treatments, with a few exceptions (Table 5 ). Intakes of essential and nonessential amino acids were higher for FB than for RMBM, reflecting the higher DM intakes of dogs fed diets containing FB vs RMBM. Methionine intakes were higher ( P < .08) for FP than for PBPM. Of the nonessential amino acids, alanine intakes by dogs fed diets containing animal by-products were higher ( P < .07) than those of dogs fed DS. Glycine intakes were approximately 52% higher for diets containing animal by-products than for DS or WE. Amino acid intakes also were higher for diets containing raw animal byproducts (FB and FP) vs rendered animal by-products (RMBM and PBPM). Amino acids were highly digestible at the ileum (Table 6 ). However, digestibilities for the FP vs PBPM treatments were higher for all amino acids except for cystine. Decreased amino acid digestibility for PBPM contributed to tendencies for diets containing rendered by-products to have lower amino acid digestibilities than diets containing raw by-products. Digestibility values between the two controls (DS and WE) were similar. Digestibilities at the ileum of total ( TAA) , total essential ( TEAA) , and total nonessential ( TNEAA) amino acids were higher for FP than for PBPM. Total nonessential amino acid digestibilities were higher for dogs consuming diets containing raw by-products than for those consuming diets containing rendered by-products.
In conclusion, the most marked responses noted in this experiment were the differences in ileal digestibilities of nutrients between FP and PBPM, suggesting that the pre-cecal digestibility of poultry by-products is influenced by the components of the mix or by the rendering process. Amino acid digestibilities for our PBPM treatment were similar to those reported by Muir et al. (1996) . Conversely, digestibilities of nutrients in the PBPM-containing diet in the study of Zuo et al. (1996) were much lower, reiterating that poultry by-products are variable and may differ among sources. The same relationship was not noted for the beef products in our study; digestibility values for FB and RMBM were similar between. The accuracy of the ileal digestibilities measured in this experiment can be verified by examining fat digestibility data. Ileal digestibility of fat was approximately 97% of the value for total tract digestibility among treatments, a relationship that would be predicted because there is little digestion of fat expected in the cecum or large intestine.
Beef and poultry by-products are good sources of highly digestible nutrients for dogs. However, digestibility of these materials can fluctuate markedly. Production and availability of various by-products will most likely determine the quantity and type of byproduct used in manufacturing pet foods. However, ileal and total tract digestibility data will provide valuable information regarding the correct quantity and type of animal by-product to use to meet the nutrient requirements of companion animals.
Water content of fresh poultry or beef limits the amount of these products that may be added to a dog food in a conventional extruder. Although the levels used in these studies may have had a positive influence on texture and(or) palatability of the pet foods manufactured, these factors were not measured. Total tract digestibilities of protein and fat of all diets were approximately 90% and were similar among diets, possibly because the inclusion rate of the test protein sources, although as high as possible from a manufacturing perspective, was too low to elicit differences.
Implications
Animal by-products in diets of dogs are good sources of digestible nutrients. The protein and fat components of diets containing these products are highly digestible at the ileum. Ileal amino acid digestibility is high as well. Ileal digestibility values for diets containing rendered by-products were somewhat lower than those for diets containing fresh, raw ingredients, emphasizing that the heterogeneous nature of these by-products, due to origin of raw materials and(or) rendering techniques used to produce them, may be important in the formulation of canine diets.
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